Earlier studies demonstrated that dietary w-3 polyunsaturated fatty acid (PUFA) supplementation attenuates the chemotactic response of neutrophils and the generation of leukotriene (LT) B4 by neutrophils stimulated with calcium ionophore; however, the mechanisms and relationship ofthese effects were not examined. Neutrophils and monocytes from eight healthy individuals were examined before and after 3 and 10 wk of dietary supplementation with 20 g SuperEPA daily, which provides 9.4 g eicosapentaenoic acid (EPA) and 5 g docosahexaenoic acid.
Abstract
Earlier studies demonstrated that dietary w-3 polyunsaturated fatty acid (PUFA) supplementation attenuates the chemotactic response of neutrophils and the generation of leukotriene (LT) B4 by neutrophils stimulated with calcium ionophore; however, the mechanisms and relationship ofthese effects were not examined. Neutrophils and monocytes from eight healthy individuals were examined before and after 3 and 10 wk of dietary supplementation with 20 g SuperEPA daily, which provides 9.4 g eicosapentaenoic acid (EPA) and 5 g docosahexaenoic acid.
The maximal neutrophil chemotactic response to LTB4, assessed in Boyden microchambers, decreased by 69% after 3 wk and by 93% after 10 wk from prediet values. The formation of 13Hlinositol tris-phosphate (IP3) by I3HIinositol-labeled neutrophils stimulated by LTB4 decreased by 71% after 3 wk (0.033±0.013% [3Hi release, mean±SEM) and by 90% after 10 wk (0.011±0.011%) from prediet values (0.114±0.030%) as quantitated by #-scintillation counting after resolution on HPLC. LTB4-stimulated neutrophil chemotaxis and IP3 formation correlated significantly (P < 0.0001); each response correlated closely and negatively with the EPA content of the neutrophil phosphatidylinositol (PI) pool (P = 0.0003 and P = 0.0005, respectively). Neither the affinities and densities of the high and low affinity LTB4 receptors on neutrophils nor LTB4-mediated diglyceride formation changed appreciably during the study. Similar results were observed in neutrophils activated with platelet-activating factor (PAF). The summed formation of LTB4 plus LTB5 was selectively inhibited in calcium ionophore-stimulated neutrophils and was also inhibited in zymosan-stimulated neutrophils. The inhibition of the summed formation of LTB4 plus LTB5 in calcium ionophorestimulated neutrophils and in zymosan-stimulated neutrophils did not correlate significantly with the EPA content of the PI pool. The data indicate that dietary w-3 PUFA supplementation inhibits the autoamplification of the neutrophil inflammatory response by decreasing LTB4 formation through the inactivation of the LTA epoxide hydrolase and independently by inhibiting LTB4-(and PAF) stimulated chemotaxis by attenuating the formation of IP3 by the PI-selective phospholipase C. This is the initial demonstration that dietary W-3 PUFA Introduction AA (20:4, w-6), the major substrate for both the cyclooxygenase and 5-lipoxygenase pathways in humans on a typical Western diet, is derived from w-6 polyunsaturated fatty acids (PUFA)' of land-based plants and animals. Eicosapentaenoic acid (EPA, 20:5, w-3) and docosahexaenoic acid (DHA; 22:6, w-3), found primarily in the form ofesterified triglycerides, are each major fatty acids in marine organisms. Dietary marine fish oils rich in w-3 PUFA have an antiinflammatory effect in murine models oflupus ( 1, 2) and RA (3) . Several small studies of the effects of dietary w-3 PUFA supplementation in patients with RA have each demonstrated modest clinical benefit (4) (5) (6) (7) (8) . In healthy individuals dietary supplementation with W-3 PUFA inhibits leukotriene (LT) B4 formation by human neutrophils activated ex vivo with calcium ionophore A23 187 (9) . However, its effects on LTB4 formation in receptor-stimulated neutrophils are unknown. Dietary supplementation with w-3 PUFA in healthy volunteers inhibits neutrophil chemotaxis to a range of concentrations of LTB4 (9) and suppresses the LTB4-mediated enhancement of adherence to endothelial cell monolayers (9, 10) . Both functional responses of the neutrophils returned nearly to baseline levels 6 wk after the dietary fish oil was discontinued, further supporting a causal relationship. These results were subsequently confirmed by others ( 1 1, 12) . No changes in neutrophil membrane fluidity were detected by fluorescence polarization in cells doped with the fluorescent probe, 1,6-diphenyl-1,3,5-hexatriene (9) . The mechanism(s) by which dietary w-3 PUFA supplementation modulates transmembrane stimulation of neutrophils by chemotactic ligands were not addressed in previous studies. Early events in the signal transduction ofthe neutrophil chemotactic ligands LTB4, platelet-activating factor (PAF), and FMLP are believed to involve the activation of a G-protein-associated, phosphatidylinositol (PI)-selective phospholipase C ( 13, 14) . The activated phospholipase C hydrolyzes PI-4,5-bis-phosphate, resulting in the formation of inositol-1,4,5-tris-phos-phate (1P3) and diacylglycerols. IP3 binds to specific receptors on the endoplasmic reticulum, resulting in the release of intracellular stores of calcium and activation of phospholipases A2 and D (15) . The diacylglycerols, in conjunction with the increased cytoplasmic calcium ion concentration, activate protein kinase C and lead to activation of other specific cellular pathways ( 16) .
In this study, we demonstrate that dietary supplementation with w-3 PUFA in healthy human volunteers leads to the inhibition of chemotaxin-mediated phosphoinositide formation in neutrophils in parallel with inhibition of chemotaxis without affecting appreciably neutrophil chemotaxin receptor density or affinity or diglyceride formation. 4 wk after they entered the study. During the study, seven ofthe volunteers experienced mild gastrointestinal symptoms, which included eructation, diarrhea, and occasional mild steatorrhea; none ofthe volunteers withdrew from the study because of these symptoms. Pill counts and analyses of the fatty acid composition of leukocyte membranes indicated compliance with the prescribed regimen. A complete blood count with platelet count was obtained on entry to the study and after 10 wk ofdietary supplementation with co-3 PUFA. One unit of venous blood was obtained at three time points during the course of the study for the analysis ofselected neutrophil and monocyte cellular functions: on entry (4 wk before starting dietary supplementation with W-3 PUFA) and after 3 wk and 10 wk of dietary supplementation was begun. Chemotaxis, receptor affinity and density, and inositol phosphate and diglyceride formation by LTB4 and PAF-stimulated neutrophils, and the formation of 5-lipoxygenase pathway products by calcium ionophore-and zymosan-stimulated neutrophils were evaluated.
Calcium ionophore and PAF-stimulated 5-lipoxygenase pathway product generation and PAF-stimulated inositol phosphate and diglyceride formation were investigated in monocytes.
Activation of neutrophils and monocytes and quantitation of5-lipoxygenase pathway products. Neutrophils and monocytes were isolated from the venous blood by dextran sedimentation and Ficoll-Hypaque discontinuous gradient centrifugation (9, 17) . Neutrophils were purified further from contaminating red cells by hypotonic lysis. Monocytes were isolated further by adhesion on silanized glass culture dishes, as previously described ( 18) . Before investigation, the monocyte monolayers were cultured overnight in RPMI 1640 (Gibco Laboratories, Grand Island, NY) with 100 U/ml penicillin, 100 ug/ml streptomycin, 2 mM L-glutamine, and 5% heat-inactivated autologous serum. respectively. Synthetic LTB4 and 6-trans-LTB4 diastereoisomers were prepared as described (20) ; synthetic 5-HETE, 20-hydroxy-LTB4, and 20-carboxy-LTB4 were obtained from Cayman Chemical Co. Inc. (Ann Arbor, MI). The generation of 5-lipoxygenase pathway products is reported in ng/ 106 cells, as the mean ±SEM, corrected for recovery. The formation of LTB4 and LTB5 was confirmed by RIA of the fractional eluates (9) using synthetic standards, as only modest quantities of LTB5 were formed. Quantitation of these products by integrated optical density and RIA yielded similar results.
Chemotaxis assay. The chemotactic responses of neutrophils and mononuclear cells to concentrations ( 10-9-10-6 M) of synthetic LTB4 and PAF were assessed in Boyden microchambers by determining the number of cells migrating the same distance as the leading edge in control samples; a nitrocellulose membrane with a 5-am pore size was used (9, 21, 22) . The experiments were performed in duplicate with interassay and intraassay coefficients of variation of < 35 and < 25%, respectively (9) . Results are expressed as the average number of neutrophils per 5 high power fields (hpf) after correction for background migration; 10 hpf were counted per sample. Quantitation of phosphoinositide formation. (27) . The incubation period and the concentration ofcytochalasin B were chosen to maximize the formation of 1,2-diacylglycerols.
Assays of the fatty acid composition of neutrophil and monocyte membranes. The fatty acid composition of the major phospholipid subclasses of neutrophil and monocyte cellular lipids were determined for each individual subject before and after 3 and 10 wk of dietary supplementation with w-3 PUFA to assess whether changes in the fatty acid composition of a particular phospholipid subclass(es) resulted in the observed functional changes. Cellular lipids were extracted by the Folch et al. procedure (28) , and the phospholipids were separated into classes by straight-phase HPLC (29) . To separate the ether-linked phospholipids, the phosphatidylethanolamine and phosphatidylcholine fractions were digested with phospholipase C from Bacillus cereus, and the resulting diradylglycerols were benzoylated to form the corresponding 3-benzoyl derivatives (30) . The benzoyl-diradylglycerols were separated into the three major fractions, the alk-l -enyl and alkyl ethers and the diacyl fractions by straight-phase HPLC (30) . The elution of the fractions was monitored and quantitated by benzoyl group absorbance at 230 nm. The fatty acid composition of each phospholipid class and subclass was determined after acid-catalyzed transmethylation of each class and subclass, resolution ofthe fatty acids as the methyl ester derivatives by capillary gas chromatography, and quantitation by flame ionization (31 ) .
Data analysis and statistics. The data were analyzed for overall statistical significance by a repeated measures design analysis of variance, followed by the Student's protected least-significant difference t test to make individual pairwise comparisons on a Macintosh IIcx computer using the StatView 512+ statistics package (Abacus Concepts, Inc., Berkeley, CA). The formation of phosphoinositides and maximal chemotaxis were analyzed as above after a logarithmic transformation, and the dose-response data for chemotaxis were analyzed by a repeated-measures design multivariate analysis of variance with zero between and two within variables after logarithmic transformation, followed by means comparisons to make individual pairwise comparisons, on a Macintosh IIcx computer using the SuperANOVA statistics package (Abacus Concepts, Inc.). Correlations were made with the simple regression program in the StatView 512+ statistics package using the data from each time point for each individual. Data are presented as the mean±SEM unless otherwise stated.
Results
Neutrophilfatty acid composition. The fatty acid composition of the major neutrophil phospholipid classes and subclasses were modified considerably after 3 and 10 wk ofdietary supplementation with co-3 PUFA (Table I ). The AA contents of the pools of 1,2-diacyl-sn-glycero-3-phosphocholine (diacylPC), 1-0-alkyl-2-acyl-sn-glycero-3-phosphocholine (alkylacylPC), 1,2-diacyl-sn-glycero-3-phosphoethanolamine (diacylPE), and 1 -O-alk-1 '-enyl-2-acyl-sn-glycero-3-phosphoethanolamine (alkenylacylPE) decreased significantly after 3 and 10 wk ofdietary supplementation with w-3 PUFA, and there were no significant differences between the 3 and 10 wk time points. However, the AA content of the PI pool was not significantly affected. The EPA contents of each of these subclasses increased substantially after 3 and 10 wk ofdietary supplementation with w-3 PUFA above prediet values.
Neutrophil receptors for LTB4 and PAF. Neutrophil phosphoinositideformation. In the prediet period, levels of IP3 in LTB4-and PAF-stimulated neutrophils were 3.2-and 5-fold higher than in the buffer-treated neutrophils (P = 0.012 and 0.0004, respectively, n = 8). In Fig. 1 , the suppression at 3 and 10 wk of dietary supplementation with w-3 fatty acids of phosphoinositide formation in neutrophils stimulated with LTB4 in a representative subject is shown in relation to the baseline. The net formation (buffer-control levels subtracted) of IP3 in neutrophils stimulated by LTB4 for 15 s decreased by 71% after 3 wk of dietary supplementation (0.033±0.013%, P = 0.025) and by 90% after 10 wk of dietary supplementation (0.011 ±0.011 %, P = 0.015) from prediet values (0.114±0.030%) (Fig. 2 A) . Similarly, net formation of IP3 by PAF-stimulated neutrophils decreased by 62% after 3 wk (0.074±0.029%, P = 0.005) and by 96% after 10 wk (0.008+0.005%, P = 0.0004) from prediet values (0.194±0.038%) (Fig. 2 B) . Comparable, statistically significant decreases were observed in the net formation of IP1 and IP2 by LTB4-stimulated neutrophils (IP1: 76%, P = 0.012, week 3 and 100%, P = 0.01, week 10; IP2: 65%, P = 0.0046, week 3 and 100%, P = 0.0005, week 10) and for PAF-stimulated neutrophils (IP1: 71%, P = 0.0052, week 3 and 75%, P = 0.0052, week 10; IP2: 82%, P = 0.012, week 3 and 95%, P = 0.0098, week 10). Although LTB4-and PAF-stimulated net IP3 formation correlated positively and significantly with the AA contents of the alkylacylPC and alkenylacylPE pools, generally, LTB4-and PAF-stimulated IP3 formation correlated negatively but much better with the EPA contents ofeach ofthe major phospholipid subclasses in the neutrophil (P = 0.0005-0.0076) as evaluated for each subject at each time point. Despite the minimal EPA contents of the PI pool ( -2 mol%), LTB4-stimulated net IP3 formation correlated negatively and most strongly with the EPA content ofthe PI pool (P = 0.0005). PAF-stimulated IP3 formation also correlated strongly and negatively with the EPA content of the PI pool (P = 0.0012).
Neutrophil diacylglycerolformation. In the prediet period, the stimulation of neutrophils with Log Concentration with w-3 PUFA, the negative correlation of neutrophil chemotaxis to both LTB4 and PAF with the EPA content of the PI pool in neutrophils was highly significant (LTB4, P = 0.0003; PAF, P = 0.0013). Furthermore, the mean maximal chemotactic response to LTB4 after dietary supplementation with w-3 PUFA correlated strongly with 1P3 formation by LTB4-stimulated neutrophils (P 0.0001 ). Likewise, the mean maximal chemotactic response to PAF correlated strongly with IP3 formation by PAF-stimulated neutrophils (P = 0.0032).
Monocytephosphoinositide and diglycerideformation. The net formation of total phosphoinositides in PAF-stimulated monocytes decreased modestly but did not reach statistical significance (P = 0.19), reflecting the absence of significant decreases in the net formation of IPI, IP2, and IP3 (P > 0.2 for each). Similarly, the net formation ofdiglyceride in PAF-stimulated monocytes was not significantly affected by dietary supplementation with w-3 PUFA (P > 0.2).
Formation of 5-lipoxygenase pathway products by neutrophils. The formation of AA-derived 5-lipoxygenase pathway products by calcium ionophore-activated neutrophils decreased substantially after dietary supplementation with W-3 PUFA (Fig. 4 A) . The formation of AA-derived 5-HETE decreased by 44% after 3 wk and by 65% after 10 wk ofdietary w-3 fatty acid supplementation (P = 0.0034, and P = 0.0004, respectively). EPA-derived 5-HEPE was not detected in the prediet period, whereas substantial quantities of 5-HEPE were formed after 3 and 10 wk ofdietary supplementation such that the summed quantities of 5-HETE and 5-HEPE did not change appreciably over this time period (P > 0.2). After 3 and 10 wk of dietary supplementation with w-3 PUFA, the formation of AA-derived 6-trans-LTB4 diastereoisomers decreased by 42% (P = 0.00 13) and by 57% (P = 0.0002), respectively. The formation ofEPA-derived 6-trans-LTBs diastereoisomers was not detected in the prediet period, whereas small quantities of the 6-trans-LTB5 diastereoisomers were observed after 3 and 10 wk of dietary supplementation with w-3 PUFA. As quantitated by RIA, the formation of AA-derived LTB4 by calcium ionophore-activated neutrophils decreased by 71% after 3 wk (P = 0.0061 ) of dietary supplementation and by 77% after 10 wk (P = 0.0058) compared with the prediet period. RIA revealed the generation of small quantities of EPA-derived LTB5 in the prediet period; after dietary supplementation increased quantities of LTB5 were detected by both integrated optical density and RIA (256%, P = 0.0008, week 3; 205%, P = 0.0022, week 10; quantitated by RIA). The summed formation of LTB4 and LTB5 decreased significantly and substantially after 3 and 10 wk of dietary supplementation (66%), P = 0.0083, week 3; 73%, P = 0.0077, week 10; quantitated by RIA), suggesting a selective action on the 5-lipoxygenase pathway at this step, catalyzed by the LTA epoxide hydrolase enzyme. The formation of 20-OH-LTB4, a metabolite of AA-derived LTB4, decreased by 46% after 3 and 10 wk of dietary supplementation with w-3 PUFA (P = 0.017 for each) relative to the prediet period; the formation of the corresponding EPA-derived analog, 20-OH-LTB5, by neutrophils was not detected in this study nor were the 20-carboxy metabolites of LTB4 and LTB5.
LTB4 formation by zymosan-activated neutrophils after 3 and 10 wk of dietary supplementation with w-3 PUFA decreased (6 1%, P = 0.0006, week 3; 58%, P = 0.0007, week 10), and LTB5 formation increased (325%, P = 0.004, weeks 3 and 10) (Fig. 4 B) . However, the summed formation of LTB4 and LTB5 by zymosan-activated neutrophils decreased significantly after 3 and 10 wk of dietary supplementation with w-3 PUFA (30%, P = 0.02, week 3; 28%, P = 0.02, week 10).
LTB4 formation in calcium ionophore-and zymosan-stimulated neutrophils correlated positively and most strongly with the AA contents of the phosphatidylcholine and phosphatidylethanolamine subclasses, and LTB5 formation correlated best and positively with the EPA content of the phospholipids. The summed formation of LTB4 and LTB5 by calcium ionophoreactivated neutrophils correlated best with the EPA content of the phosphatidylethanolamine subclasses and the AA content of the diacylPE subclass, whereas the correlation of the summed formation of LTB4 and LTB5 by zymosan-activated neutrophils with the fatty acid composition of the neutrophil phospholipid subclasses did not reach statistical significance. Formation of 5-lipoxygenase pathway products by monocytes. The formation of AA-derived 5-lipoxygenase pathway products of monocytes decreased substantially after dietary supplementation with w-3 PUFA (Fig. 5 A) . The formation of 5-HETE by calcium ionophore-activated monocytes decreased by 65% after 3 wk and by 47% after 10 wk of dietary supplementation (P = 0.026 and P = 0.048, respectively). EPA-derived 5-HEPE was not detected in the prediet period, but substantial quantities of 5-HEPE were formed after 3 and 10 wk of dietary supplementation such that the summed quantities of 5-HETE and 5-HEPE did not change appreciably over this time period (P> 0.2). After 3 and 10 wk ofdietary supplementation with w-3 PUFA, apparent decreases in the formation of AA-derived 6-trans-LTB4 diastereoisomers were not statistically significant (P = 0.17). EPA-derived 6-trans-LTB5 diaste- (Fig. 5 B) . The decreases in the summed formation of LTB4 and LTB5 by PAF-activated monocytes after 3 and 10 wk of dietary supplementation with w-3 PUFA (33%, week 3; 24%, week 10) approached but did not reach statistical significance (P = 0.20).
Discussion
This study of the effects of dietary enrichment with w-3 PUFA differs from previous studies in the parallel assessment of Iigand-initiated signal transduction (inositol phosphates and diglycerides) and function (chemotaxis) in neutrophils. The profound suppression ofLTB4-and PAF-stimulated IP3 formation and chemotaxis in human neutrophils induced by dietary w-3 PUFA demonstrates a potentially significant role ofdiet in the modulation of cell signals. The (34) . Together, the inhibition of LTB4 generation, the production of the functionally attenuated LTB5, and the suppression of the transduction of ligand-receptor signals negate the system of LTB4-mediated amplification of the neutrophil inflammatory response.
After 3 wk of high dose dietary supplementation with w-3 PUFA, neutrophil chemotaxis to LTB4 and PAF was dramatically inhibited (Fig. 3) ; mean maximal neutrophil chemotaxis to LTB4 and PAF was inhibited by 69 and 64%, respectively; it was further suppressed after 10 wk ofdietary supplementation. Perhaps because of the higher EPA and total w-3 PUFA dose used in this study, the magnitude of the inhibition of neutrophil chemotaxis was greater and appeared earlier than in previous studies (9, 11, 12) . The formation of IP3 in LTB4-or PAF-stimulated neutrophils was nearly totally suppressed after dietary supplementation; the net formation of IP, and IP2 was inhibited similarly (Figs. 1 and 2) . The neutrophil chemotactic response to both LTB4 and PAF correlated strongly with the net IP3 formation by LTB4-and PAF-stimulated neutrophils, suggesting a causal relationship between the suppression of IP3 formation and chemotaxis. The absence of a significant effect of the dietary w-3 PUFA supplementation on the densities or affinities of the respective receptors and the previous study (9) showing no change in membrane fluidity demonstrates a postreceptor inhibition ofthe LTB4 and PAF signals by the dietary supplementation with w-3 PUFA. Despite only very modest alterations in the PI pool in neutrophils after 3 and 10 wk of dietary supplementation (EPA content increased to -2 mol%), the EPA content of the PI pool ofthe neutrophils (Table 1) correlated significantly and negatively with the biochemical and functional responses. Thus even small quantities of EPA-containing species of PI may act as potent inhibitors of phospholipase C, thus inhibiting IP3 formation. The changes in the fatty acid composition of the other phospholipid classes and subclasses may also contribute to the modulation of signal transduction and function in neutrophils. Dietary co-3 fatty acid supplementation did not substantially alter LTB4-or PAFinduced net increments in neutrophil diglyceride levels. We interpret our data that dietary PUFA supplementation inhibited IP3 formation but did not appreciably affect diacylglycerol formation as consistent with the inhibition of a PI-selective phospholipase C and an absence of an effect on phospholipase D by dietary supplementation with w-3 PUFA. The recent evidence that the major portion of the 1,2-diacylglycerol generated by stimulation ofcytochalasin B-treated neutrophils with chemotactic agents is derived from PC by the activation of phospholipase D (32, 33) supports this interpretation.
The alteration by w-3 PUFA ofreceptor-mediated signaling through the PI pathway has also been observed in vitro. In two studies, w-3 PUFA suppressed IP3 formation in cultures of rat vascular smooth muscle cells stimulated with LDL or angiotensin II (35, 36) . Although this suppression of IP3 formation in the LDL-stimulated cells was attributed at least in part to the inhibition of thromboxane A2 formation, the suppression of IP3 formation in the angiotensin II-stimulated cells was unaffected by inhibitors ofthromboxane A2 synthesis or thromboxane A2 receptor antagonists. In vitro preincubation of aspirintreated rabbit platelets with EPA inhibits inositol phosphate formation (including IP3 formation) stimulated by the thromboxane A2 receptor agonist, U46619 (37). Medini et al. (38) recently reported that dietary w-3 PUFA also inhibits thrombin-stimulated inositol phosphate formation by rabbit platelets without measurably affecting thromboxane formation. Weber et al. (39) have suggested that in vitro preincubation with DHA blunts the rise in intracellular calcium ion concentration in PAF-and LTD4-stimulated, retinoic acid-differentiated U937 cells through a noncyclooxygenase-mediated oxidation product of DHA. In the present study, such an effect of a DHA metabolite appears unlikely because it would need to occur early in the 15-s activation period to inhibit IP formation and because the only significant change in the content of DHA in neutrophil phospholipids was a minimal increase in the DHA content of alkenylacylPE only at 10 wk. As neutrophils are short lived ex vivo, only studies ofdietary enrichment allow the achievement of a steady state necessary for the optimal interpretation of the neutrophil fatty acid composition data. Furthermore, in platelets, in which an in vitro steady state modulation of the fatty acid composition is possible, in vivo and in vitro studies yield different results (40), demonstrating the importance ofthe in vivo dietary studies. The current approach of dietary supplementation with w-3 PUFA has demonstrated for the first time a tight negative correlation between EPA incorporation into PI and agonist-induced formation of IP3 and chemotaxis. In the only other published study (37) that evaluated the fatty acid composition of cellular PI in parallel with the quantitation of inositol phosphate formation, the exposure to w-3 PUFA was in vitro, and no significant changes in the fatty acid composition of PI were observed.
The significant decreases in the formation of LTB4 and in the summed formation of LTB4 and LTB5 by zymosan-stimulated neutrophils demonstrate for the first time that dietary supplementation with w-3 PUFA inhibits ligand-mediated stimulation of LTB4 formation (Fig. 4) . However, unlike the decreases in 1P3 generation and in chemotaxis, this effect was already maximal at 3 wk. In addition, not only does EPA substitute for AA as a substrate for the 5-lipoxygenase pathway, but also the pathway ofLTB formation is inhibited. In calcium ionophore-activated neutrophils, a selective inhibition of the summed formation of LTB4 plus LTB5, in parallel with a decrease in the w-oxidation products, was observed; the summed formation of 5-HETE plus 5-HEPE remained unchanged by dietary w-3 PUFA supplementation, suggesting inhibition of the LTA epoxide hydrolase. These results are in agreement with the findings of Terano et al. ( 11) and Hawthorne et al. (41 ) that dietary w-3 fatty acid supplementation causes selective inhibition of calcium ionophore-stimulated neutrophil LTB formation, whereas Lee et al. (9) found that dietary fish oil supplementation inhibited formation of all 5-lipoxygenase pathway products in ionophore-stimulated neutrophils. Nathaniel et al. (34) demonstrated that LTA5, derived from EPA, covalently binds to the LTA epoxide hydrolase and irreversibly inhibits the enzyme. The decreases in the formation of LTB4 and the summed formation of LTB4 and LTB5 in zymosanstimulated neutrophils were also significant. In monocytes neither the decreases in PAF-stimulated levels of total phosphoinositides nor the changes in diglyceride formation after w-3 PUFA supplementation were significant. In the studies of Schmidt et al. ( 12) the inhibition by dietary w-3 PUFA supplementation of the chemotaxis in monocytes was less than that observed in neutrophils. In calcium ionophore-activated monocytes, a selective inhibition ofLTB4 plus LTB5 formation was observed; the formation of 5-HETE plus 5-HEPE was unchanged by dietary supplementation with W-3 PUFA, again indicating inhibition of the epoxide hydrolase (Fig. 5) . LTB formation by PAF-stimulated monocytes was also inhibited, but the degree ofinhibition was less than that in calcium ionophore-activated monocytes.
The significant, tight correlation of the inhibition of chemotaxis and inositol phosphate formation with the EPA content of the neutrophil PI pool in the absence of a significant effect on neutrophil LTB4 and PAF receptor density or affinity and on diglyceride formation indicates that the inhibition of neutrophil chemotaxis to LTB4 and PAF by dietary w-3 PUFA supplementation is due to a selective postreceptor inhibition of the ligand-initiated signals via the PI-selective phospholipase C. The selective inhibition ofthe formation both ofLTB and its metabolites in calcium ionophore-activated neutrophils and of LTB generation in zymosan-activated neutrophils plateaued at 3 wk and did not correlate with the incorporation of EPA into the PI pool. In contrast, the ligand-stimulated generation of'P3 and chemotaxis correlated negatively with the incorporation of EPA into the PI pool and was suppressed further after 10 wk of dietary supplementation. These differences are most consistent with an independent but parallel inhibition ofthe LTA epoxide hydrolase enzyme. Together, these data on ligand stimulation ofhuman neutrophils reveal that incorporation ofdietary EPA attenuates proinflammatory responses mediated by LTB4 by reducing the formation ofthis mediator, by substituting a functionally attenuated mediator (LTB5) (42) , and by inhibiting LTB4 receptor-mediated signal transduction as exemplified by the decreases in the formation ofthe inositol phosphates and in chemotaxis. The effects on cell signal transduction in the neutrophil were dramatic and reveal a novel and reversible (9) dietary-based approach to the modulation of ligand-initiated signaling via the phosphatidyl inositol pathway.
